Glia-axon interactions and the regulation of the extracellular K+ in the peripheral nerve.
Changes in membrane potential of both axons and Schwann cells were measured simultaneously during electrical activity and during the period of recovery in the rabbit vagus nerve by the use of the sucrose-gap apparatus. During low-frequency stimulation (0.5-1 Hz) the preparation developed a ouabain-sensitive hyperpolarization. This hyperpolarization increased when the inwardly rectifying K+ channels in Schwann cells were blocked with Ba2+, indicating that the hyperpolarization was generated by the electrogenic glial Na(+)-K+ pump. During trains at higher frequencies (15 Hz), the preparation depolarized, but after cessation of the stimulation it developed a posttetanic hyperpolarization (PTH). The PTH was also ouabain-sensitive and was strongly enhanced by Cs+ which is known to block the hyperpolarization-activated inward current (Ih) in axons but not in glial cells. These results show that the PTH reflects mainly the axonal electrogenic pump. Our results indicate that during activity the K+ released from the firing axons is removed from the extracellular space by Schwann cells and that after cessation of the stimulation the K+ surplus returns from Schwann cells back to axons. Both the glial and axonal K+ uptake is mediated by successive activation of the glial and axonal Na(+)-K+ pump. The nature of the signalling mechanisms that control the pumping rates of the respective pumps remain unknown.